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Description 



WIRELESS REMOTE VEHICLE SIGNAL 
INDICATOR FOR SUPPLEMENTING 
EXISTING VEHICLE SIGNAL INDICATORS 

Background of Invention 
[0001] Field of the Invention 

[0002] The present invention relates generally to motor vehicle 
signal indicators, and more specifically to remote motor 
vehicle signal indicators outside of the motor vehicle. Even 
more specifically, the present invention relates to remote 
motor vehicle signal indicators outside of the motor vehi- 
cle that are redundant to the existing vehicle signal indi- 
cators provided in the vehicle. 

[0003] Discussion of the Related Art 

[0004] Motor vehicle signal indicators such as brake lamps, turn 
signal indicators, and reverse indicators are well recog- 
nized in the motor vehicle industry as essential elements 
to motor vehicle safety. These vehicle signal indicators are 



generally positioned at highly visible locations on the ve- 
hicle so that others can easily see them. However, even 
though these vehicle signal indicators are designed to be 
easily viewed, a driver driving in a vehicle's "blind spot" 
may have difficulty seeing the turn signal indicator of the 
vehicle. 

[0005] Thus, to increase the visibility of a motor vehicle, and to 
enhance motor vehicle safety, it is often desirable to sup- 
plement an existing motor vehicle's turn signal indicators 
with additional turn signal indicators. These additional or 
supplemental turn signal indicators are typically mounted 
to an exterior surface of a motor vehicle's body in a highly 
visible area, such as on the side mirrors, for example. 

[0006] such supplemental turn signal indicators are often pro- 
vided "after market" and must be installed by the vehicle 
owner or other vehicle servicer. Thus, these external sup- 
plemental turn signal indicators require wiring to provide 
both power and the turn signal to the turn signal indica- 
tor. Typically, these wires are fed from the source of the 
turn signal, which is within the vehicle, through the body 
of the motor vehicle at the point where the external signal 
indicator is affixed to the vehicle. Disadvantageously, 
since the supplemental signal indicators are redundant to 



the existing signal indicators of the vehicle, holes must be 
provided, e.g., drilled into the motor vehicle's door or 
body, to allow the power and signal wires from within the 
vehicle to be coupled to the external signal indicator. 
Thus, installation is difficult and expensive. 
Summary of Invention 

[0007] The present invention advantageously addresses the 

needs above as well as other needs by providing a remote 
vehicle signal indicator that may be affixed to areas on a 
vehicle, e.g., cars, trucks, and trailers, in locations where 
supplemental signal indicators are desired without having 
to provide wiring between the remote vehicle signal indi- 
cator and the vehicle. 

[0008] | n one embodiment, the invention can be characterized as 
a remote vehicle signal indicator system for a vehicle in- 
cluding a transmitter coupled to a vehicle indication signal 
drive line of the vehicle. The transmitter is configured to 
wirelessly transmit a receiver activation signal corre- 
sponding to a vehicle indication signal of the vehicle indi- 
cation signal drive line. The vehicle indication signal is se- 
lected from the group consisting of a turn signal, a brake 
signal, a reverse gear signal, and a hazard signal. The re- 
mote vehicle signal indicator system also includes a re- 



mote vehicle signal indicator coupled to a surface outside 
of the vehicle that includes a signal indicator display. The 
remote vehicle signal indicator is configured to receive the 
receiver activation signal from the transmitter and, in re- 
sponse, activate the signal indicator display. 
[0009] | n another embodiment, the invention can be character- 
ized as a remote vehicle signal indicator of a remote vehi- 
cle signal indicator system for a vehicle including a hous- 
ing coupled to a surface outside of the vehicle and a re- 
ceiver within the housing. The receiver is configured to 
wirelessly receive receiver activation signals from a trans- 
mitter coupled to the vehicle. The receiver activation sig- 
nals correspond to vehicle indication signals generated by 
the vehicle. The vehicle indication signals are selected 
from the group consisting of a turn signal, a brake signal, 
reverse gear signal and a hazard signal. Additionally, a 
signal indicator display is coupled to the receiver and 
configured to display, in response to a received receiver 
activation signal, a remote vehicle indication signal corre- 
sponding to the vehicle indication signals generated by 
the vehicle. 

[0010] | n a further embodiment, the invention may be character- 
ized as a transmitting device of a remote vehicle signal 



indicator system for a vehicle including a housing at- 
tached to the vehicle and a signal monitoring line coupled 
to a vehicle indication signal drive line of the vehicle. The 
signal monitoring line is configured to receive vehicle in- 
dication signals from the vehicle indication signal drive 
line. The vehicle indication signals are selected from the 
group consisting of a turn signal, a brake signal, reverse 
gear signal and a hazard signal. The transmitting device 
also includes a transmitter within the housing and cou- 
pled to the signal monitoring line. The transmitter is con- 
figured to wirelessly transmit a receiver activation signal 
corresponding to the vehicle indication signals of the ve- 
hicle indication signal drive line to a remote vehicle signal 
indicator located outside of the vehicle in order to provide 
additional signal displays to those coupled to the vehicle 
indication signal drive line. 
[0011] | n y e t another embodiment, the invention may be charac- 
terized as a method of providing additional vehicle signal 
indicators for a vehicle, including the steps of: wirelessly 
receiving a receiver activation signal at a remote vehicle 
signal indicator coupled to a surface outside of the vehicle 
wherein the receiver activation signal is transmitted from 
the vehicle, the receiver activation signal corresponding to 



a vehicle indication signal generated within the vehicle 
wherein the vehicle indication signal is selected from the 
group consisting of a turn signal, a brake signal, a reverse 
gear signal, and a hazard signal; and displaying, in re- 
sponse to the wirelessly receiving, a remote vehicle indi- 
cation signal corresponding to the vehicle indication sig- 
nal generated within the vehicle, in order to provide addi- 
tional signal displays to those provided within the vehicle. 
Brief Description of Drawings 

[0012] The above and other aspects, features and advantages of 
the present invention will be more apparent from the fol- 
lowing more particular description thereof, presented in 
conjunction with the following drawings wherein: 

[0013] FIG. 1 is a schematic view of a remote vehicle signal indi- 
cator in accordance with one embodiment of the present 
invention; 

[0014] FIG. 2A is a schematic diagram showing an implementa- 
tion of the remote vehicle signal indicator of FIG. 1 ac- 
cording to one embodiment of the invention; 

[0015] FIG. 2B is a schematic diagram showing another imple- 
mentation of the remote vehicle signal indicator of FIG. 1 
according to another embodiment of the invention; 

[0016] FIG. 3 is a detailed schematic view of one embodiment of 



the remote vehicle signal indicator of FIG. 1, such as im- 
plemented in accordance with one embodiment of the in- 
vention; 

[0017] FIG. 4 is a functional block diagram of a wireless remote 
vehicle signal indicator system according to one embodi- 
ment of the invention; 

[0018] FIG. 5A is a flowchart illustrating the steps for transmit- 
ting a wireless vehicle signal indication to a remote vehi- 
cle signal indicator according to one embodiment of the 
invention; 

[0019] FIG. 5B is a flowchart illustrating the steps for displaying a 
signal received wirelessly at a remote vehicle signal indi- 
cator according to one embodiment of the invention; 

[0020] FIG. 6 is a functional block diagram of the transmitter of 
FIG. 4 according to one embodiment of the invention; 

[0021] FIG. 7 is a functional block diagram of the receiver, power 
supply, display driver, and display of the remote vehicle 
signal indicator of FIG. 4 according to another embodi- 
ment of the invention; 

[0022] FIG. 8A is a view of an alternative embodiment of the in- 
vention wherein remote vehicle signal indicators are af- 
fixed to a rear view mirror and affixed to a trailer to sup- 
plement existing turn indicator lamps; 



[0023] FIG. 8B is a view of an another alternative embodiment of 
the present invention wherein remote vehicle signal indi- 
cators are affixed to an oversized trailer, such as a truck, 
and are used to supplement the oversized trailer's exist- 
ing brake lamps and turn indicator lamps; 

[0024] FIG. 9 is a view of yet another embodiment of the present 
invention in which centralized solar panels provide power 
to one or more remote vehicle signal indicators. 

[0025] Corresponding reference characters indicate correspond- 
ing components throughout the several views of the 
drawings. 
Detailed Description 

[0026] The following description is not to be taken in a limiting 
sense, but is made merely for the purpose of describing 
the general principles of the invention. The scope of the 
invention should be determined with reference to the 
claims. 

[0027] Referring first to FIG. 1, shown is a schematic view of a 
remote vehicle signal indicator 100 in accordance with 
one embodiment of the present invention. Shown are the 
remote vehicle signal indicator 100, a receiver housing 
102, a receiver activation signal 110, a solar panel 115, a 
side mirror assembly 120, display 140 (also referred to as 



a vehicle indicator display), a reflective element 130, a 
casing 105, a neck 160 and a stationary panel 150. 
[0028] The side mirror assembly 120 (which may be referred to 
as a side view mirror) includes the casing 105, the reflec- 
tive element 130, the neck 160, and the stationary panel 
150. The casing 105 supports and partially encloses the 
reflective element 130. The casing 105 is also connected 
with and supported by the neck 160. The neck 160 is 
connected with the stationary panel 150, and the station- 
ary panel 150 is connected with the exterior portion of a 
vehicle which is not shown. The side mirror assembly 120 
is typically located along the exterior of a vehicle such as 
a car or truck, and is typically situated on the vehicle in a 
location that is visible by both the driver of the car or 
truck and other vehicles. While the side mirror assembly 
120 is shown as a left or driver side mirror assembly for 
attachment to a left side of the vehicle, it should be un- 
derstood that the side mirror assembly 120 may be a right 
side mirror assembly for attachment to the right side of 
the vehicle. 

[0029] The remote vehicle signal indicator 100 which includes 
the display 140, the receiver housing 102, and the solar 
panel 115 is connected with the exposed face of the re- 



flective surface 130, and the receiver activation signal 110 
is transmitted from a location within or on the vehicle and 
received by the remote vehicle signal indicator 100. 
[0030] According to several embodiments of the invention, the 
remote vehicle signal indicator 100 is part of a wireless 
vehicle signal indicator system including the remote vehi- 
cle signal indicator 100 and a wireless signal transmitter 
(not shown in FIG. 1) located within or on the vehicle and 
coupled to the vehicle's internal signal indicators. Accord- 
ing to one embodiment, the remote vehicle signal indica- 
tor 100 and the wireless signal transmitter within the ve- 
hicle include a radio frequency (RF) receiver and an RF 
transmitter, as known in the art. In practice, the remote 
vehicle signal indicator 100 wirelessly receives the re- 
ceiver activation signal 110 that is wirelessly transmitted 
from the transmitter within the vehicle, and in response, 
provides a supplemental vehicle signal indicator via the 
display 140 that is similar to the vehicle's existing signal 
indicators. For example, when an existing left wired turn 
indicator of the vehicle is activated so that it is flashing on 
and off, the remote vehicle signal indicator 100 (when 
programmed to be a left wireless turn signal indicator) 
provides a supplemental vehicle signal indicator via the 



display 140 that flashes on and off together with the ex- 
isting wired turn indicator of the vehicle. 
[0031] According to several embodiments of the invention, the 
remote vehicle signal indicator 100 is a self contained 
wireless signal receiver. In practical terms, this means that 
the remote vehicle signal indicator 100 is not reliant upon 
power from the vehicle or signal wires from the vehicle; 
thus, the remote vehicle signal indicator 100 may be eas- 
ily attached and positioned by adhesion (e.g., chemical 
adhesive, mechanical and/or magnetic coupling) upon 
convenient exterior surfaces of the vehicles without con- 
cern for drilling holes or providing other access to the in- 
terior of the vehicle to connect with signal and/or power 
wires. This is because the remote vehicle signal indicator 
100 receives the signals to operate (e.g., the receiver acti- 
vation signal 110) wirelessly from a transmitter within the 
vehicle. Further, the remote signal indicator 100 includes 
its own power supply and is not reliant upon power from 
within the vehicle. In the embodiment illustrated, the solar 
panel 115 is integrated as part of the remote vehicle sig- 
nal indicator 100, and provides energy to operate the re- 
mote vehicle signal indicator 100 (e.g., to charge a battery 
within the remote vehicle signal indicator 100). In other 



embodiments, a battery source is provided within the re- 
ceiver housing 102 without the use of the solar panel 115. 

[0032] The display 140, is located on an exposed face of the re- 
mote vehicle signal indicator 100, and as shown in FIG. 1, 
is a series of lamps, e.g., light emitting diodes (LEDs), that 
illuminate in response to the receiver activation signal 110 
being received at the remote vehicle signal indicator 100. 
As discussed further with reference to FIG. 3, the display 
140 may be any light source that is visible to drivers and 
pedestrians that are in the vicinity of the vehicle, such as 
incandescent lamps or LEDs. In the embodiment illus- 
trated, the display 140 comprises a series of lamps that 
are arranged as an arrow representing a turn indicator 
display. In other embodiments, the signal display may 
have other arrangements of lamps, optionally with reflec- 
tors and lenses, that provide a desired level and/or de- 
sired direction of illumination. 

[0033] The remote vehicle signal indicator 100 as shown may be 
attached to with the reflective surface 130 of the side mir- 
ror assembly 120. Advantageously, the remote vehicle 
signal indicator 100 may be attached to the reflective sur- 
face 130 with an adhesive, such as an epoxy, and need 
not be affixed with hardware, such as screws, which may 



damage the reflective element 130 and/or the remote ve- 
hicle signal indicator 100. In other embodiments, how- 
ever, the remote vehicle signal indicator 100 may be at- 
tached with hardware where it is either convenient or 
more desirable to do so. 

[0034] | n other embodiments, the remote vehicle signal indicator 
100 may be positioned at other desirable locations on the 
exterior of the vehicle, or on trailers, e.g., tractor trailers, 
boat trailers, light duty trailers, etc., that are pulled by the 
vehicle, or on objects carried by trailers, e.g., boats, cars, 
bikes, boxes and crates where, for example, the wired 
turn indicators supplied with the vehicle or trailer by the 
Original Equipment Manufacturers (OEMs) are inadequate. 

[0035] | n other embodiments, the receiver activation signal 110, 
and the remote vehicle signal indicator 100 are configured 
to provide additional vehicle signal indications other than 
turn signal indications. For example, the receiver activa- 
tion signal 110 may be indicative of various wired or ex- 
isting signal indicators on the vehicle including, without 
limitation, the vehicle's existing brake indicators, reverse 
gear indicators, and/or hazard signal indicators. Thus, in 
some embodiments, the remote vehicle signal indicator 
100 provides redundant vehicle brake indicators, reverse 



gear indicators, and/or hazard indicators. In such embod- 
iments, the remote vehicle signal indicator may be posi- 
tioned at any desired location on the vehicle, e.g., along 
the side of the vehicle, at the rear of the vehicle, or on a 
trailer or other object being towed by the vehicle. 

[0036] Referring next to FIG. 2A, shown is a schematic diagram 
showing one implementation of the remote vehicle signal 
indicator 100 of FIG. 1. Shown is a vehicle 200, two side 
mirror assemblies 120, a turn indicator generator 202, a 
signal light beam spread 207, a transmitter 210, a left 
wired turn signal indicator 232, a right wired turn signal 
indicator 234, left signal monitoring line 270, right signal 
monitoring line 280, left signal line tap 220, right signal 
line tap 230, remote vehicle signal indicators 100, a left 
turn signal driveline 250, a right turn signal driveline 260, 
a transmission antenna 240, and a ground line 290. 

[0037] The turn signal generator 202, shown in this embodiment 
in a steering column of the vehicle 200 is coupled with the 
left signal driveline 250 and the right signal driveline 260. 
The left signal driveline 250 and the right signal driveline 
260, which may be referred to generally as vehicle indica- 
tion signal drivelines, are each coupled to the left wired 
turn signal indicator 232 and the right wired turn signal 



indicator 234, respectively (which may be referred to gen- 
erally as wired signal indicators). The left signal monitor- 
ing line 270 is coupled with the left signal driveline 250 at 
the left signal line tap 220. The right signal monitoring 
line 280 is coupled with the right signal driveline 260 at 
the right signal line tap 230. The transmitter 210, shown 
in this embodiment in the trunk of the vehicle 200, is 
coupled to the transmission antenna 240, the left signal 
monitoring line 270, the right signal monitoring line 280, 
and the ground line 290 which may be a body ground re- 
turn wire. The remote vehicle signal indicators 100 are 
connected with the side mirror assembly 120 located on 
the left side of the vehicle 200 and the side mirror assem- 
bly 120 located on the right side of the vehicle 200. 
[0038] | n operation, when an operator of the vehicle 200 actuates 
a turn signal lever, the turn signal lever trips a switch 
within the turn signal generator 202. In response, the turn 
signal generator 202 generates either, an electrical signal 
(which may be referred to generically as a "vehicle indica- 
tion signal") on the left signal driveline 250 when the turn 
signal lever is actuated in a direction to indicate a left 
turn, or an electrical signal (which also may be referred to 
generically as a "vehicle indication signal") on the right 



signal driveline 260 when the turn signal lever is actuated 
in a direction to indicate a right turn. In the present em- 
bodiment, the right signal driveline 260 and the left signal 
driveline 250 are wires that carry the vehicle indication 
signals to the left wired turn signal indicator 232, and the 
right wired turn signal indicator 234 respectively. The ve- 
hicle indication signals that drive the left wired turn signal 
indicator 232, and the right wired turn signal indicator 
234 via the left signal driveline 250 and the right signal 
driveline 260 respectively are typically a series of electrical 
energy pulses with sufficient power to illuminate the left 
wired turn signal indicator 232, and the right wired turn 
signal indicator 234. 
[0039] jhe left signal monitoring line 270 and the right signal 

monitoring line 280 receive the electrical signals, i.e., the 
vehicle indication signals, generated by the turn signal 
generator 202 at the left signal line tap 220 and the right 
signal line tap 230 respectively, and carry the vehicle indi- 
cation signals to the transmitter 210. In one embodiment, 
the left signal line tap 220 and the right signal line tap 
230 are commonly available insulation-displacement con- 
ductors which allow the left signal monitoring line 270 
and the right signal monitoring line 280 to tap into the 



left signal driveline 250 and the right signal driveline 260 
respectively without cutting or disconnecting either the 
left signal driveline 250 or the right signal driveline 260. 
Other methods of tapping into the left signal driveline 250 
and the right signal driveline 260 as known in the art are 
contemplated and well within the scope of the present in- 
vention. 

[0040] | n response to the received vehicle indication signal, the 
transmitter 210, as discussed in further detail with refer- 
ence to FIGS. 6 and 7, produces a receiver activation sig- 
nal that is broadcast to both remote vehicle signal indica- 
tors. For example, the receiver activation signals may be 
either a left indicator activation signal, in response to a 
vehicle indication signal from the left signal monitoring 
line 270, or a right indicator activation signal vehicle indi- 
cation signal in response to a vehicle indication signal 
from the right signal monitoring line 280. 

[0041] As further discussed with reference to FIG. 7, the remote 
vehicle signal indicators 100 are independently pro- 
grammable so as to respond only to either right indicator 
activation signals or left indicator activation signals. Thus, 
remote vehicle signal indicators 100 placed on a left, or 
driver side, of the vehicle 200 are programmable to re- 



spond to only left indicator activation signals, and remote 
vehicle signal indicators 100 placed on a right, or passen- 
ger side, of the vehicle 200 are programmable to respond 
to only right indicator activation signals. Both the left and 
right indicator activation signals broadcast by the trans- 
mitter 210 may be referred to generically as receiver acti- 
vation signals. According to several embodiments, the re- 
ceiver activation signals provided by the transmitter 210 
are encoded to activate only remote vehicle signal indica- 
tors 100 on the particular vehicle 200 so that other re- 
mote vehicle signal indicators 100 located on other vehi- 
cles will not respond to the signal from the transmitter 
210. The receiver activation signal is then broadcast wire- 
lessly via the transmission antenna 240. Again, it is noted 
that the receiver activation signals may correspond to 
brake, hazard, or reverse gear signals that activate remote 
vehicle signal indicators 100 that are programmed to re- 
ceive and respond to such signals. 
[0042] According to one embodiment of the invention the trans- 
mission antenna 240 is displayed as a quarter-wavelength 
resonant "whip" or "longwire", that may be realized in the 
form of a 0.05 inch diameter carbon fiber rod for durabil- 
ity, whether within, or outside of, the trunk. To realize 



higher transmission gains in some embodiments, the 
transmission antenna 240, and antenna elements of the 
remote vehicle signal indicators 100 reside in approxi- 
mately a horizontal plane. 
[0043] According to one embodiment, a transmission frequency 
of 315 MHz may be employed utilizing a whip antenna 
about nine inches in length. At this frequency, many aper- 
tures in the automobile body are of the same order of size 
as the wavelength; further, the rim of the trunk lid, spaced 
from the body by a rubber weather seal constitutes an ef- 
fective slot radiator. Even at transmitter power less than 
100 milliwatts, it can be empirically demonstrated that at 
this frequency, RF energy passing through this trunk slot 
inevitably finds its' way, proceeding from both diffraction 
and reflection effects of the emitted electromagnetic 
waves, to antenna elements of the remote vehicle signal 
indicators 100. Thus, even in an otherwise sealed metallic 
trunk, the radiant RF energy has effective access to the 
antenna elements of remote vehicle indicators 100 
mounted on the mirror assemblies 120 near the front of 
the vehicle 200, and effective access to remote signal in- 
dicators 100 which may be mounted at the rear of the ve- 
hicle 200 or on trailers or other vehicles towed by the ve- 



hide 200. As discussed in more detail with reference to 
FIG. 6, in other embodiments, the transmission antenna 
240 may be a coiled loop antenna or a resonant helix an- 
tenna, and other convenient transmission frequencies may 
be used. 

[0044] The remote vehicle signal indicators 100, shown on both 
of the mirror assemblies 120, receive the receiver activa- 
tion signal and provide an additional or supplemental ve- 
hicle indication display that is redundant to the vehicle in- 
dication signal (e.g., turn signal, hazard signal, reverse 
gear signal, brake signal, etc.) of the vehicle 200. In one 
embodiment, the remote vehicle signal indicators 100 are 
each programmable to allow the user to match the trans- 
mitter 210 to one or more particular remote vehicle signal 
indicator(s). Additionally, in the one embodiment, each 
remote vehicle signal indicator 100 is programmable so as 
to be identifiable as either a left or right turn signal indi- 
cator. In other words, in the one embodiment, the user 
may program each of the remote vehicle signal indicators 
100 as a left signal indicator or a right signal indicator, 
and to respond to receiver activation signals from the 
transmitter 210, but not similar transmitters located 
within other vehicles. Once the remote vehicle signal indi- 



cator 100 receives a receiver activation signal from a 
matching transmitter, the remote vehicle signal indicator 
100 provides, as previously discussed, an illuminated dis- 
play that is similar to the display provided by the wired 
turn signal indicators 232, 234. 

[0045] while the transmitter 210 and the remote vehicle signal 
indicators 100 have been described as providing supple- 
mental turn indicator displays, in other embodiments, 
other types of vehicle displays may be supplemented in 
much the same way the wired turn signal indicators 232, 
234 are supplemented. For example, the remote vehicle 
signal indicators 100 may be implemented to supplement 
the vehicle's hazard displays, brake displays, and reverse 
gear displays. In these additional embodiments, the exist- 
ing brake lamp, reverse gear lamp and/or hazard lamp 
driving wires may be tapped in a similar manner as the 
left signal driveline 250, and the right signal drive line 
260 are tapped as discussed above. 

[0046] Advantageously, in some embodiments, the transmitter 
210 utilizes power from the electrical signal, i.e., the ve- 
hicle indication signal, transmitted over the left signal 
driveline 250, and/or the right signal driveline 260 to 
provide power to the active elements, e.g., circuitry, of the 



transmitter 210. Thus, the transmitter 210, in some em- 
bodiments, is not required to be directly coupled to a ve- 
hicle 200 power supply or to include its own power sup- 
ply. In these embodiments, not only does the transmitter 
210 receive the vehicle indication signal, triggering the 
transmission of a corresponding wireless receiver activa- 
tion signal to the remote vehicle signal indicator 100, the 
transmitter 210 also obtains operating power from the 
same vehicle indication signal. This enables the transmit- 
ter 210 to be attached at convenient locations within the 
vehicle that are not located near the vehicle power; there- 
fore, providing simple, inexpensive installation. In other 
embodiments where, e.g., remote vehicle signal indicators 
100 are utilized to supplement existing brake lamp and 
reverse lamp displays, electrical signals transmitted over 
the brake lamp or reverse lamp driving lines may be uti- 
lized to power the transmitter 210 as well. In yet other 
embodiments, the transmitter 210 may not utilize the 
power of the display signal received from the vehicle's 
200 left signal driveline 250, and/or the right signal driv- 
eline 260 for power. In such embodiments, the transmitter 
210 is coupled to the vehicle's 200 battery power or an- 
other power source. 



[0047] Although the vehicle 200 shown in the present embodi- 
ment is a passenger automobile, in other embodiments 
the vehicle may be a bus, truck, tractor-trailer, boat 
trailer, towed automobile, etc. Furthermore, the term ve- 
hicle as used herein also includes objects, e.g., crates, 
boxes, bicycles, motorcycles that are carried by vehicles. 
As such, the remote vehicle signal indicator 100 is suited 
for use with any means of ground transportation where it 
is desirable to supplement existing signal indicators, e.g., 
the wired signal indicators 232, 234. 

[0048] Referring next to FIG. 2B, shown is a schematic diagram 
showing another implementation of the remote vehicle 
signal indicator 100 of FIG. 1 according to another em- 
bodiment of the invention. Shown is the vehicle 200, the 
two side mirror assemblies 120, the turn indicator gener- 
ator 202, a dashboard 205, the signal light beam spread 
207, the transmitter 210, the left wired turn signal indica- 
tor 232, the right wired turn signal indicator 234, the left 
signal monitoring line 270, the right signal monitoring 
line 280, the left signal line tap 220, the right signal line 
tap 230, the remote vehicle signal indicators 100, the left 
turn signal driveline 250, the right turn signal driveline 
260, the transmission antenna 240, and the ground line 



290. 

[0049] The turn signal generator 202, shown in this embodiment 
in a steering column of the vehicle 200 is coupled with the 
left signal driveline 250 and the right signal driveline 260. 
The left signal driveline 250 and the right signal driveline 
260, which may be referred to generally as vehicle indica- 
tion signal drivelines, are each coupled to the left wired 
turn signal indicator 232 and the right wired turn signal 
indicator 234, respectively (which may be referred to gen- 
erally as wired signal indicators). The left signal monitor- 
ing line 270 is coupled with the left signal driveline 250 at 
the left signal line tap 220. The right signal monitoring 
line 280 is coupled with the right signal driveline 260 at 
the right signal line tap 230. The transmitter 210, shown 
in this embodiment at the underside of the dashboard 
205 of the vehicle 200, is coupled to the transmission an- 
tenna 240, the left signal monitoring line 270, the right 
signal monitoring line 280, and the ground line 290. The 
remote vehicle signal indicators 100 are connected with 
the side mirror assembly 120 located on the left side of 
the vehicle 200 and the side mirror assembly 120 located 
on the right side of the vehicle 200. 

[0050] | n operation, the present embodiment of the invention 



functions in the same manner as the embodiment illus- 
trated in FIG. 2A except that the transmitter 210 is located 
under the dashboard 205 of the vehicle, rather than in the 
trunk (as illustrated in the embodiment of FIG. 2A). Thus, 
the transmitter 210 may be located at locations of the ve- 
hicle other than the trunk. This alternate location may be 
helpful in allowing the transmitter to effectively broadcast 
to the desired remote vehicle signal indicators 100 de- 
pending on the structure and resonant features of the ve- 
hicle. By coupling the transmitter to alternate locations of 
the vehicle, the installer may place the transmitter in a lo- 
cation that may provide the best transmission of the sig- 
nal from the transmitter 210. Furthermore, the installer 
may choose the location that is easier and less expensive 
for installation purposes. 
[0051] while the transmitter 210 has been shown in the trunk 
and the underside of the dashboard of the vehicle, it 
should be understood that in other embodiments the lo- 
cation of the transmitter 210 is not limited to these loca- 
tions. For example, without limitation, the transmitter 210 
may be located under a hood of the vehicle 200, to the 
vehicle chassis, on the underside of the vehicle 200 (e.g., 
in a pickup truck that does not have a trunk or in a truck 



bed), and on a towing hitch of the vehicle 200. Thus, the 
transmitter 210 is not required to be located within the 
vehicle itself. Referring next to FIG. 3, shown is a detailed 
schematic view of one embodiment a remote vehicle sig- 
nal indicator 300 as attached to the side mirror assembly 
of the vehicle 200. Shown are the reflective element 130, 
the casing 105, a remote vehicle signal indicator enclo- 
sure 325, a signal indicator display 380, a display reflec- 
tor 340, a front surface 330, a solar panel 350, incident 
solar rays 370, and an antenna element 360. 

[0052] The remote vehicle signal indicator enclosure 325 is con- 
nected with reflective element 130 of the side mirror as- 
sembly 120. The remote vehicle signal indicator enclosure 
325 surrounds the front surface 330, and houses the solar 
panel 350. The antenna element 360 is coupled to the en- 
closure 325. The incident solar rays 370 are shown im- 
pinging upon the solar panel 350. 

[0053] | n practice, the remote vehicle signal indicator enclosure 
325 may be attached to the surface of the reflective ele- 
ment 130 with an industrial-grade adhesive; thus, allow- 
ing the remote vehicle signal indicator 300 to be affixed 
without drilling holes or otherwise affecting the integrity 
of the reflective element 130 or the casing 105 or the 



body of the vehicle. In other embodiments, the remote ve- 
hicle signal indicator 300 may be affixed with other se- 
curing hardware, e.g., screws. Furthermore, in other em- 
bodiments, the remote vehicle signal indicator 300 may 
be affixed to other locations on the vehicle 200, a trailer 
pulled by the vehicle 200 or objects carried by the vehicle. 
To permit easy installation and removal, the remote vehi- 
cle signal indicator 300 may be equipped with a magnetic 
backing; thus, allowing placement of the remote vehicle 
signal indicator 300 on ferromagnetic surfaces (e.g., iron, 
cobalt, nickel, and alloys containing these elements) of 
the vehicle 200, objects carried by the vehicle 200, and/or 
trailers pulled by the vehicle 200 without chemical adhe- 
sive and/or other fasters (e.g., screws). 
[0054] The front surface 330 may be a convex, mirrored surface 
that provides a wide angle view of the rearward facing di- 
rection when viewed by a driver of the vehicle 200. Such a 
convex mirrored surface advantageously mitigates any 
loss in the rearward viewing area, i.e., the area alongside 
and behind the vehicle 200, when the remote vehicle sig- 
nal indicator 100 is affixed to the reflective surface 130 of 
a side view mirror, and may provide a better view of other 
vehicles within the vehicle's ordinary "blind spot". In other 



embodiments, the front surface 330 may be substantially 
flat, and in yet other embodiments, may be non-reflective. 
[0055] | n the present embodiment, the signal indicator display 
380 is a collection of one or more light sources, e.g., 
lamps that provide illumination in a manner similar to the 
wired signal indicators of the vehicle. For example, the 
signal indicator display 380 may provide pulses of light 
synchronous with the vehicle's 200 existing wired turn 
signal indicators, or, for example, the signal indicator dis- 
play 380 may provide constant illumination over the same 
time periods as the vehicle's 200 existing wired brake 
lamp indicators. In the present embodiment, the signal 
display, as shown in FIG. 3, is a linear array of light emit- 
ting diodes (LEDS) that may be may be high efficiency red 
LEDS. 

[0056] The display reflector 340, illustrated in one embodiment 
as near the bottom of, and within a "cut out" of the front 
surface 330, provides a reflector, that may be parabolic in 
shape, designed to collect indirect light emanating from 
the light sources with the signal indicator display 380 and 
direct the indirect light away from the front surface 330 
so that other pedestrians or vehicles in close proximity 
with the vehicle 200 may see the a signal light beam 



spread 207 generated by the signal indicator display 380. 
The signal indicator display 380 may be positioned behind 
the focal point of the display reflector 340, and in one 
embodiment, as is shown in FIG. 3, the horizontal aper- 
ture of the display reflector 340 may be larger than the 
vertical aperture of the display reflector 340. In such an 
orientation, the display reflector 340 may be designed to 
provide the signal light beam spread 207 with a horizon- 
tal divergence of approximately 60 degrees and a vertical 
divergence of about 20 degrees. Such beam angles have 
been found to provide an overall beam spread to make 
the remote vehicle signal indicator 300 visible from other 
vehicles that are positioned in typical following or passing 
locations. Those skilled in the art will appreciate that vari- 
ous display reflector 340 designs may be satisfactorily 
employed to accommodate varying patterns, e.g., vertical, 
circular, and arrow shaped patterns, of the signal indica- 
tor display 380 while delivering the signal light beam 
spread 207 in a manner visible to other motorists and 
pedestrians. It is noted that while five LED's are illustrated 
in the signal indicator display 380, it should be under- 
stood that the number of light sources may be varied so 
that as few as one or two light sources, e.g., LED light 



sources, may be used. Additionally, the type of light 
sources utilized in the signal indicator display 380 may be 
varied depending upon the particular power available, 
light sources available, and/or visual effects desired. Fur- 
ther, nothing in this application should be interpreted to 
exclude the use of lensing materials, whether colored or 
clear, articulated or flat, to realize desired propagation 
characteristics for the signal indicator display 380. 
[0057] under daylight conditions, the solar panel 350, in the 

present embodiment, provides electrical power to charge 
batteries (not shown) that are internal to the remote vehi- 
cle signal indicator enclosure 325. The solar panel 350 
may be alternatively comprised of polycrystalline or amor- 
phous silicon photocells that convert solar energy into 
electrical energy. It should be noted that while the solar 
panel 350 is shown situated atop the remote vehicle sig- 
nal indicator enclosure 325, it may be designed to wrap 
around the portions of the remote vehicle signal indicator 
enclosure 325 that receive solar energy exposure, or al- 
ternatively, the solar panel 350, as discussed with refer- 
ence to FIG. 9, may be located remotely from the signal 
indicator enclosure 325 on, for example, a top surface of 
the casing 105, on a roof of the vehicle 200, or on a top 



of a trailer pulled by the vehicle 200. As further discussed 
with reference to FIG. 7, the batteries receive energy from 
the solar panel 350 and store power that is later delivered 
to the electrical components, e.g., signal receiving ele- 
ments and display driver elements, within the remote ve- 
hicle signal indicator 300. The batteries charged by the 
solar panel 350 may be any suitable rechargeable battery, 
e.g., nickel metal-hydride (NiMH) or lithium ion (Li-ion) 
storage panels, or other batteries of sufficient power and 
energy to sustain operation of the remote vehicle signal 
indicator 300 during periods of low light or darkness. In 
other embodiments, the batteries may be non- 
rechargeable, disposable batteries that power the electri- 
cal components within the remote vehicle signal indicator 
300 without being charged or supplemented by the solar 
panel 350. In yet other embodiments, where, for example, 
a power source is readily available, the remote vehicle sig- 
nal indicator 300 may obtain power from a readily avail- 
able power source, and thus, need not operate under 
power received from either batteries or the solar panel 
350 at all. 

[0058] Referring next to FIG. 4, shown is a functional block dia- 
gram of a wireless remote vehicle signal indicator system 



according to one embodiment of the invention. 
[0059] while referring to FIG. 4, concurrent reference will be 

made to FIG. 5A and FIG. 5B, which are flowcharts illus- 
trating the steps performed, in one embodiment, by a 
transmitter 430 and a remote vehicle signal indicator 400 
in supplementing a vehicle's existing wired signal indica- 
tors. 

[0060] shown are the transmitter 430, a transmitting antenna 

440, the left signal monitoring line 270, and the right sig- 
nal monitoring line 280. Also shown is the remote vehicle 
signal indicator 400 that includes a receiving antenna 
450, a receiver 460, a display driver 480, a display 490 
(which may be referred to as a signal indicator display), 
and a power supply 470. 

[0061] The receiving antenna 450 is coupled to the receiver 460, 
and the receiver 460 is coupled to the power supply 470 
and the display driver 480. The display driver 480 is cou- 
pled to the display 490 and the power supply 470. The 
left signal monitoring line 270 and the right signal moni- 
toring line 280 are coupled to the transmitter 430. The 
transmitter 430 is coupled to the transmitting antenna 
440. The transmitting antenna 440 transmits signals 
wirelessly to the receiving antenna 450. 



[0062] The transmitter 430, as is discussed in further detail with 
reference to FIG. 6, monitors the left and right signal driv- 
elines 250, 260, for a vehicle indication signal (Step 510 
of FIG. 5A), e.g., an electrical signal that may be a pulsed 
electrical turn indicator signal, at the left and right signal 
line tap 220, 230 by monitoring for the vehicle indication 
signals at the left signal monitoring line 270 and the right 
signal monitoring line 280. 

[0063] Next, when a vehicle indication signal is on the vehicle 
signal drivelines 250, 260, the transmitter 430 receives 
the vehicle indication signal (Step 515 of FIG. 5A), the 
transmitter 430 receives and processes the vehicle indica- 
tion signal and generates a receiver activation signal (Step 
520 of FIG. 5A), as discussed further in reference to FIG. 
6, by modulating a carrier wave in response to the re- 
ceived vehicle indication signal. The receiver activation 
signal corresponds to the vehicle indication signal that is 
generated within the vehicle. For example, the receiver 
activation signal is a pulsed signal that is synchronous 
with the vehicle indication signal. The transmitter 430 
then transmits the receiver activation signal to the remote 
vehicle signal indicator 400 (Step 525 of FIG. 5A) wire- 
lessly via the transmitting antenna 440. 



[0064] The receiver 460, as discussed in further detail with refer- 
ence to FIG. 7, monitors the receiving antenna 450 for the 
receiver activation signal from the transmitter 430 (Step 
530 of FIG. 5B). Next, the receiver activation signal is re- 
ceived (Step 535 of FIG. 5B) at the remote vehicle signal 
indicator 400, e.g., the receiver 460 receives and demod- 
ulates the receiver activation signal to obtain the vehicle 
indication signal. 

[0065] The display driver 480 receives the vehicle indication sig- 
nal and generates a display signal (Step 540 of FIG. 5B) 
that provides sufficient power at an appropriate voltage to 
drive, i.e., illuminate, the display 490. 

[0066] The display 490, receives the display signal, and in re- 
sponse, illuminates the display 490 (Step 545 of FIG. 5B). 
The display signal and the illumination level of the display 
490 correspond to the vehicle indication signal which, in 
the present embodiment, corresponds to either the left or 
right wired turn indicators of the vehicle 200. For exam- 
ple, if the vehicle indication signal is a turn signal, both 
the display signal and the illumination level of the display 
490 will be pulse-like. Therefore, in this example, the dis- 
play 490, which may include, for example, the signal indi- 
cator display 380, illuminates synchronously with an ex- 



isting, flashing, wired turn signal indicator 232 or 234 of 
the vehicle 200. However, in other embodiments, the ve- 
hicle indication signal corresponds to other vehicle signal 
indications, e.g., brake lights, reverse lights, hazard 
lights, etc., having static durations, or pulse widths and 
repetition rates as required. 

[0067] The power supply 470 of the remote vehicle signal indica- 
tor 400 provides operational power to both the receiver 
460 and the display driver 480. The power supply may 
utilize a combination of solar energy conversion along 
with energy storage devices, e.g., batteries, to provide this 
operational power. 

[0068] Referring next to FIG. 6, shown is one embodiment of the 
transmitter 430 of FIG. 4. Shown is the left signal line tap 
220, the right signal line tap, 230, the left signal drive line 
250, the right signal driveline 260, the left signal moni- 
toring line 270, the right signal monitoring line 280, a 
body ground padeye 603 (also referred to as a "ground 
connection"), a bipolar rectifier 605, a left signal input 
607, a right signal input 609, a left signal rectifier diode 
615, a right signal rectifier diode 625, a storage capacitor 
620, a programmable serial encoder 630, serial fusing 
links 631 (alternatively referred to as serial cutting links 



631), a radio frequency (RF) transmitter 640, a data fram- 
ing clock 650, a crystal 655, an impedance matching net- 
work 660, and a transmission antenna 670. 

[0069] The left signal monitoring line 270 is coupled to the left 
signal drive line 250 at the left signal line tap 220. The 
right signal monitoring line 280 is coupled to the right 
signal drive line 260 at the right signal line tap 230. As 
discussed above, the left signal monitoring line 270 and 
the right signal monitoring line 280 receive the electrical 
signals, i.e., the left and right turn signals (generically 
known as the vehicle indication signals), generated in the 
operation of the vehicle 200. The left signal monitoring 
line 270 and the right signal monitoring line 280 carry the 
vehicle indication signals to the left input 607 and the 
right input 609 of the bipolar rectifier 605 respectively. 
The body ground padeye 603, also connected with the 
bipolar rectifier 605, in the present embodiment, allows 
the bipolar rectifier 605 to be grounded by attachment of 
the body ground padeye 603 to the body of the vehicle at 
any convenient point close to the transmitter 430. 

[0070] Beneficially, the bipolar rectifier 605, for example, a diode 
bridge rectifier, provides accommodation for positive or 
negative body grounding schemes in host vehicles. In 



most vehicles, the wired turn signal lamps 232, 234 are 
activated by switching the positive polarity on and off with 
a fixed return provided by local grounding of the signal 
lamps to the vehicle body. In some vehicles, however, the 
vehicle body is positively grounded, and the grounded 
polarity is switched on and off. The bipolar rectifier 605 
allows for installation without concern for the grounding 
scheme of the host vehicle by providing an output to the 
left signal rectifier diode 615 and the right signal rectifier 
diode 625 wherein the positive polarity is switched on and 
off regardless of the host vehicle's grounding scheme; 
thus, installation is simplified because an installer need 
not be concerned with the polarity of the host vehicle's 
body. 

[0071] a less common circuit scheme for wired signal displays, 
e.g., turn signal lamps, brake lamps, reverse gear lamps 
and hazard lamps that are integral with the vehicle 200, 
brings the vehicle's 12 volt supply to each lamp without 
switching, and illuminates the wired signal displays by 
completing their return paths to body ground. When such 
a circuit scheme is encountered, the left signal monitoring 
line 270 and the right signal monitoring line 280 are con- 
nected with line taps to the left and right wired display 



lamps' switched ground return cables, respectively (not 
shown). In this embodiment, the body ground padeye 603 
is electrically coupled to an unswitched 12 volt cable with 
an insulation displacement tap. 

[0072] | n t he present embodiment, the bipolar rectifier 605 has a 
left signal output 606 and a right signal output 608 that 
are electrically coupled to the left signal rectifier diode 
615 and the right signal rectifier diode 625, respectively. 
The bipolar rectifier 605 provides, via the left signal out- 
put 606 or the right signal output 608, positive signal 
pulses regardless of the type of grounding scheme a body 
of the host vehicle has. 

[0073] Beneficially, power to operate the programmable serial 
encoder 630, the RF transmitter 640, and the data fram- 
ing clock 650 may be derived from either the left or right 
signal pulses from the left signal output 606 or the right 
signal output 608, respectively. Energy from the left signal 
pulses and the right signal pulses is passed by the left 
signal rectifier diode 615 and the right signal rectifier 
diode 625 respectively into the storage capacitor 620. The 
storage capacitor 620 functions to maintain an acceptable 
level of power to the programmable serial encoder 630, 
the RF transmitter 640, and the data framing clock 650 by 



storing energy received from either the left or the right 
signal pulses and providing power in between the received 
left or right signal pulses to the programmable serial en- 
coder 630, the RF transmitter 640, and the data framing 
clock 650. In one embodiment, the storage capacitor 620 
is approximately 2200 microfarads so that it produces a 
sustaining voltage with a nominal average value of 9.2 
volts, and a ripple magnitude that is determined by the 
pulse repetition rate. The sustaining voltage, (illustrated 
as V.sub.SUS in FIG. 6), is provided to the programmable 
serial encoder 630, the RF transmitter 640, and the data 
framing clock 650. Thus, the transmitter 430, in the 
present embodiment, receives operating power from ei- 
ther of the signal monitoring lines 270, 280. Those of or- 
dinary skill in the art will recognize that the capacitor size 
and precise circuitry may be varied to deal with varying 
energy levels received by signal pulses and to meet the 
particular power demands of the hardware utilized for the 
programmable serial encoder 630, the RF transmitter 640, 
and the data framing clock 650. 
[0074] The ability of the transmitter 430 to receive power from 
either the left or right signal driveline 250, 260, via the 
left signal monitoring line 270 or the right signal moni- 



toring line 280, respectively, allows the transmitter 430 to 
be installed without having to locate power lines within 
the vehicle to operate the transmitter 430. Thus, installa- 
tion is simplified and less expensive because labor other- 
wise required to feed wires from a power source within a 
vehicle to the transmitter 430 is avoided, and additional 
parts needed, e.g., wires and connectors, to do so are un- 
necessary. 

[0075] The left and right signals provided by the bipolar rectifier 
605 are also supplied to a left signal input 632 (illustrated 
as BRITE LEFT in FIG. 6) and a right signal input 634 
(illustrated as BRITE RIGHT in FIG. 6) of the programmable 
serial data encoder 630. In the present embodiment, the 
programmable serial data encoder 630 pulse modulates 
the RF transmitter 640 at a radio frequency of 315 MHz, 
but it should be recognized that the programmable serial 
data encoder 630 may pulse modulate the RF transmitter 
640 at other frequencies. Generally frequencies within the 
range of about 88 megahertz to about 4 gigahertz are 
technically feasible for pulse modulating the RF transmit- 
ter 640, however, many intervening bands across this fre- 
quency range will be unsuitable due to domestic and for- 
eign regulatory assignments and restrictions. 



[0076] | n order to encode the signal to be transmitted, so that 
only desired receivers can use the signal, the pro- 
grammable serial data encoder 630, in the present em- 
bodiment, employs a serial protocol consisting of a signal 
recognition preamble of various bits, followed by a data 
stream of 10 bits, and a stop suffix of various bits. The 
first 8 bits of this data stream uniquely identify the trans- 
mitter 430 with one of 256 possible addresses that also 
identifies the desired receiver in the same vehicle. The 
ninth and tenth bits indicate whether the transmitted sig- 
nal is a left or right turn signal. It is recognized that the 
transmitter 430, in other embodiments, may use any 
known method of encoding the signal for identification 
purposes including those methods for error detection and 
error correction. 

[0077] The data recognition stream may be inexpensively devel- 
oped from a number of serial fusing links 631 (e.g., ten 
serial fusing links 631) coupled with the programmable 
serial data encoder 630 and located on a PC board (not 
shown) supporting the programmable serial data encoder 
630. As is known to one of ordinary skill in the art, the 
serial fusing links 631 may each be opened or closed (i.e., 
fused), and any binary pattern of open and closed fused 



links may be created. As discussed further herein with 
reference to FIG. 7, a pattern of open and closed fuse 
links within the serial fusing links 631 is established, i.e., 
a user selectable code is established, and a matching pat- 
tern of open and closed fuse links is similarly established 
on a decoder of the receiver. In this way, a particular 
transmitter may be programmed by selecting a pattern of 
open and closed serial fusing links 631 that match the 
pattern of open and closed fuse links of a particular re- 
ceiver so that the particular transmitter may communicate 
only with that particular receiver. 
[0078] The data framing clock 650, coupled to the programmable 
serial encoder 630, provides inherently accurate framing 
for the programmable serial encoder 630. In the present 
embodiment, the data framing clock 650 is an oscillator 
that employs the crystal 655 which may be an inexpensive 
crystal (like those used in watches) that oscillates at 
32.760 MHz to establish a framing time interval at 30.518 
microseconds. 

[0079] The RF transmitter 640 is coupled to the transmission an- 
tenna 670 via the impedance matching network 660. In 
the present embodiment, the signal (e.g., the receiver ac- 
tivation signal that corresponds to a vehicle indication 



signal of the vehicle indication signal drive line), in the 
form of a pulse modulated signal, is carried via the 
impedance matching network to the antenna 670 and ra- 
diated by the antenna 670 into surrounding space to be 
received by the remote vehicle signal indicator 400. In the 
present embodiment, the impedance matching network is 
a passive impedance matching network that facilitates 
more efficient transfer of the transmitter's output energy 
into the antenna and surrounding space. 

[0080] | n several embodiments, as discussed with reference to 
FIG. 2, the antenna 670 is a straight line quarter wave- 
length "whip" or "longwire" antenna that may be a quar- 
ter-wave resonant trace on a transmitter board with an 
overall length of 8.9 inches. In yet other embodiments, 
the antenna 670 is a coiled loop antenna having a com- 
plex impedance matched to the complex impedance of 
the RF transmitter 640. Preferably, the coiled loop antenna 
is fabricated as an etched trace on a printed circuit board, 
however, this fabrication technique is certainly not re- 
quired and other fabrication techniques commonly known 
to one of ordinary skill in the art are not precluded. 

[0081] | n s ti|| other embodiments, the antenna 670 may be inte- 
grated as a resonant helix in an oscillator tank circuit of 



the RF transmitter 640. Methods of integrating these helix 
antennae into transmitter circuits are commonly known to 
one of ordinary skill in the art. 

[0082] Although particular antenna designs are disclosed, other 
designs are contemplated and well within the scope of the 
present invention. 

[0083] Referring next to FIG. 7, shown is a functional block dia- 
gram of the functional subcomponents of one embodi- 
ment of the receiver 460, the power supply 470, the dis- 
play driver 480, and the display 490 of FIG. 4. Shown is a 
receiving antenna 702, a radio frequency (RF) amplifier 
705, a mixer 710, a local oscillator 720, an intermediate 
frequency (IF) amplifier 725, an automatic gain controller 
730 (also referred to as AGC 730), a signal detector 735, a 
decoder 740, fusing links 741 (alternatively referred to as 
cuttable links 741), a data framing clock 742, a decoding 
oscillator 744, a boost switching supply 745, a digital 
control logic module 750, a solar panel 755, a battery 
760, a wake up and sample timer 765, a display driver 
770, a signal indicator display 775, and an AND gate 780. 

[0084] | n operation, the receiving antenna 702 receives the re- 
ceiver activation signal in the form of a modulated carrier 
wave, which may be a pulse modulated signal, transmitted 



from the transmitter 430. In several embodiments, the re- 
ceiving antenna 702 is a straight line quarter wavelength 
"whip" or "longwire" antenna. In yet other embodiments, 
the antenna 702 is a coiled loop antenna having a com- 
plex impedance matched to the complex impedance of an 
input to the RF amplifier 705. Preferably, the coiled loop 
antenna is fabricated as an etched trace on a printed cir- 
cuit board, however, this fabrication technique is certainly 
not required and other fabrication techniques commonly 
known to one of ordinary skill in the art are not precluded. 
In still other embodiments, the receiving antenna 702 may 
be integrated as a helix in the RF amplifier 705. Methods 
of integrating these helix antennae into receiver circuits 
are commonly known to one of ordinary skill in the art. 
[0085] The receiving antenna 702 is coupled to the RF amplifier 
705. The RF amplifier 705 is coupled to the local oscillator 
720 and the IF amplifier 725 at the mixer 710. An output 
of the IF amplifier 725 is coupled to an input of the AGC 
730 and a signal detector 735, and an output of the AGC 
is coupled to the IF amplifier 725 and the RF amplifier 
705. 

[0086] | n one embodiment, the receiver 460 of FIG. 4 includes 
the RF amplifier 705, the mixer 710, the IF amplifier 725, 



the local oscillator 720, the AGC 730, the signal detector 
735, the decoder 740, the data framing clock 742, the 
digital control logic 750, and the wake up and sample 
timer 765. The RF amplifier 705, mixer 710, local oscilla- 
tor 720 and IF amplifier are components of a typical inte- 
grated superheterodyne receiver which is well known to 
one of ordinary skill in the art. 

[0087] | n operation, the receiving antenna 702 provides the re- 
ceiver activation signal in the form of a modulated carrier 
wave to the RF amplifier 705 where the receiver activation 
signal is amplified by the RF amplifier 705 and then mixed 
at the mixer 710 with a signal from the local oscillator 
720 to produce a signal at an intermediate frequency that 
is fed into the IF amplifier 725 for amplification. 

[0088] The AGC 730 accepts the output of the IF amplifier and 

applies a variable DC gain control voltage to the RF ampli- 
fier 705 and the IF amplifier 725 so that a stable signal is 
provided by the IF amplifier 725 to an input of the signal 
detector 735. This signal is illustrated as V.sub.lF in FIG. 
7. 

[0089] The signal detector 735 receives the stable signal 

(V.sub.lF) from the IF amplifier 725 and produces a signal 
in the form of a streaming digital output 738, with zeros 



denoted by long pulses, and ones denoted by shorter 
pulses. This streaming digital output 738 is provided to 
the signal decoder 740. The signal detector 735 in the 
present embodiment incorporates "preamble" decoding 
logic to recognize and synchronize the incoming data to 
the programmable serial data encoder 630 in the trans- 
mitter. As discussed with reference to FIG. 6, an 10-bit 
serial data stream uniquely identifies the transmitter and 
the direction turn signal. 
[0090] The streaming digital output 738 of the signal detector 

735 is received by the decoder 740 as a signal in the form 
of a streaming digital input. The data framing clock 742 in 
the present embodiment is identical to the data framing 
clock 650 in the transmitter, and provides an accurate 
frame time that may be 30.518 microseconds for the 
streaming digital input. In the present embodiment, the 
decoder 740 compares the streaming digital input to a 
sequential pattern which may be defined by a number of 
thin, fusing links 741, e.g., ten fusing links 741. As dis- 
cussed with reference to FIG. 6, the pattern of fusing links 
741 on the decoder 740 is made to be the same as the 
pattern of fusing or cuttable links on the programmable 
serial data encoder 630. When an incoming pattern of the 



streaming digital input matches the sequential pattern 
defined by the fusing links 741, the decoder 740 provides 
an enable signal 743 to the display driver 770. The enable 
signal 743 places the signal indicator display 775 in a 
state of readiness without illuminating the display by 
forming one input of the two input AND gate 780 so that 
the display driver 770 may drive the signal indicator dis- 
play 775 when a signal 752 is received by the other input 
to the AND gate 780. 
[0091] jo minimize receiver power consumption at the remote 
vehicle signal indicator 400 when monitoring for a re- 
ceiver activation signal, e.g., a turn signal, brake, hazard 
or reverse gear indicator signals, the wake up and sample 
timer 765, coupled with the digital control logic 750 and 
the battery 760, cycles the electrical components of the 
receiver on and off, as discussed further herein, to reduce 
the power consumption of the remote vehicle signal indi- 
cator 700. 

[0092] The wake up and sample timer 765, which may be a low 
power CMOS wake and sample timer, runs continuously 
from power supplied by the battery 760, and controls the 
boost switching supply 745 via control logic 750 which, in 
this embodiment, sends a "wakeup" signal 762 to the dig- 



ital control logic 750 every 1.9 seconds, and the digital 
control logic 750, in response to the wakeup signal 762, 
activates the boost switching supply 745 by sending a 
boost signal 764 to the boost switching supply. 

[0093] | n one embodiment, the power supply 470 of FIG. 4 is 
comprised of the boost switching supply 745, the solar 
panel 755, a Schottky rectifier diode 756, and the battery 
760. The battery 760 in one embodiment is a 2.4 volt 
rechargeable battery which may be two nickel- 
metal-hydride panels configured in series at 1.2 volts 
each to provide a total of 2.4 volts. 

[0094] The boost switching supply 745 increases a voltage from 
the battery which may be 2.4 volts to a voltage awake 
power (illustrated as V.sub.AP in FIG. 7) that may be about 
8 volts. The V.sub.AP is supplied to cycled receiver ele- 
ments that, in the present embodiment, include the RF 
amplifier 705, the mixer 710, the IF amplifier 725, the lo- 
cal oscillator 720, the AGC 730, the signal detector 735, 
and the decoder 740. The V.sub.AP, in this embodiment, 
is applied to these elements for a period of 100 millisec- 
onds to allow sufficient time for transient settling in the 
receiver, and an appropriate "listening", i.e., monitoring 
interval, to determine if a receiver activation signal is en- 



tering the antenna 702. Thus, in this embodiment, the 
boost switching supply 745 is providing continuous power 
to the cycled receiver elements indicated above for 100 
milliseconds in a two-second time period. 
[0095] if there is no receiver activation signal received during the 
100 millisecond "awake interval", the wake up and sample 
timer 765 removes the wake up signal 762 from the digi- 
tal control logic 750, and in response, the digital control 
logic 750 removes the boost signal 764 from the boost 
switching supply 745; thus, deactivating the boost switch- 
ing supply 745, and removing the V.sub.AP from the cy- 
cled receiver elements. As a result, during any two-second 
interval when no receiver activation signal is received, the 
V.sub.AP voltage is applied to the cycled receiver elements 
discussed above for only 100 milliseconds. In other 
words, when no receiver activation signal is detected, 
power is applied to the receiver elements only five percent 
of the time; thus, economizing the use of stored energy in 
the battery 760. This economical use of the stored energy 
in the battery is important so that the stored energy is 
consumed at a rate low enough to provide power to the 
receiver elements through periods when solar exposure is 
low or almost non-existent, e.g., at night. Under such low 



solar energy conditions, the battery 760 may not be 
recharged with energy from the solar panel 755 at a rate 
at which energy is used by the receiver elements; thus, 
this economical use of stored energy during monitoring 
for the receiver activation signal helps to maximize the 
time the remote vehicle signal indicator 400 is operable 
before the stored energy is exhausted. 

[0096] when a vehicle activation signal is received during the 100 
millisecond awake interval, the signal detector 735 out- 
puts an affirmative signal 736 (that corresponds to the 
vehicle indication signal on the signal drive line(s) 250, 
260) to the digital control logic 750. In response to the 
affirmative signal 736, the digital control logic 750 sets an 
internal flag and keeps the boost switching supply 745 
functioning by providing the boost signal 764 to the boost 
switching power supply 745 for about 30 seconds; thus, 
over-riding the wake-up and sample timer 765 for that 
period of about 30 seconds. As a result, V.sub.AP is ap- 
plied to the cycled receiver elements for about 30 seconds 
to anticipate the next signal. 

[0097] During the period of about 30 seconds when V.sub.AP is 
applied to the cycled receiver elements, in one embodi- 
ment, the digital control logic 750, in response to the af- 



firmative signal 736, provides a signal 752, e.g., in the 
form of one or more pulse(s), to the display driver 770. In 
one embodiment, the signal 752 is a pulsed signal having 
a pulse width approximately equal to the pulse width of 
the vehicle indication signal on the signal drive line(s) 
250, 260 generated within the vehicle 200. 
[0098] The signal 752 provided by the digital control logic 750 is 
received by the AND gate 780 and is logically ANDED, with 
the enable signal 743 received from the decoder 740 so 
that when both the enable signal 743 is received from the 
decoder 740 and the signal 752 is received from the digi- 
tal control logic 750, a remote vehicle indication signal 
756, generally referred to as a display signal, is generated 
that corresponds to (i.e., has a frequency similar to) the 
vehicle indication signal on the signal drive line(s) 250, 
260 generated within the vehicle 200. The remote vehicle 
indication signal 756 drives the signal indicator display 
775 so that the signal indicator display 775 illuminates 
synchronously with the wired signal indicators (vehicle in- 
dication signals) generated within the vehicle 200. Thus, 
an illuminated display, in response to a receiver activation 
signal, is provided by the remote vehicle signal indicator 
700 that emulates an existing wired signal display. 



[0099] Beneficially, the remote vehicle signal indicator 700 may 
be constructed so as to generate sufficient power to be 
isolated from power sources within the vehicle. In one 
embodiment, one terminal of the solar panel 755, as 
shown in FIG. 7, is connected to the positive terminal of 
the battery 760 through a Schottky rectifier diode 756. 
The other terminal of the solar panel 755 is connected to 
the negative terminal of the battery 755. 

[0100] | n one embodiment, the solar panel 755 is an amorphous 
silicon solar panel with an effective collection area of 3.6 
square inches and atypical minimum output in bright, di- 
rect sunlight of 20 milliamps at four volts. The solar panel 
755 in one embodiment continuously and variably trickle- 
charges the battery 755 which is composed of two 
precharged nickel-metal-hydride cells in series at 1.2 
volts each; thereby making the battery 2.4 volts. In an- 
other embodiment, the battery 755 is a lead/acid gel cell, 
which is more tolerant of trickle charging than most newer 
battery chemistries. 

[0101] The Schottky rectifier diode 756 prevents battery dis- 
charge through the solar panel 755 during low light con- 
ditions. In the nickel-metal-hydride embodiment, a con- 
stant current charging circuit is not required because the 



cells are trickle charged at currents below the ratio of 
(C/20) amps, wherein C is the battery capacity in mil- 
liamp-hours and 20 is a number of hours. 
[0102] Thus, in several embodiments, the remote vehicle signal 
indicator 700 is able to operate from power generated by 
the solar panel 756 without supplemental power from 
other power sources. As a result, the remote vehicle signal 
indicator 700 may be located upon a vehicle without con- 
cern for the proximity of power sources resident within 
the vehicle. 

[0103] Referring next to FIG. 8A and FIG. 8B, shown are alterna- 
tive embodiments of the present invention. Shown in FIG. 
8A is the vehicle 200, a trailer 810 and wireless left turn 
signal indicators 805 (referred to generally as remote ve- 
hicle signal indicators). Shown in FIG. 8B is a tractor- 
trailer 820 having an oversized trailer 825, wireless left 
turn signal indicators 805, and wireless brake signal indi- 
cators 815 (referred to generally as remote vehicle signal 
indicators). 

[0104] Referring to FIG. 8A, the vehicle 200 includes a side view 
mirror assembly 120, and the side view mirror assembly 
120 has one of the wireless left turn signal indicators 805 
attached to its reflective surface 130. The vehicle 200 is 



further coupled to a trailer 810 which has two wireless left 
turn signal indicators 805 affixed to a left exterior face of 
the trailer 810. 

[0105] | n practice, when the wireless left turn signal indicators 
805 receive a receiver activation signal that corresponds 
to a left turn signal, the wireless left turn signal indicator 
affixed to the side view mirror assembly 120, as well as 
the two wireless left turn signal indicators 805 affixed to 
the trailer, respond with an illuminated display that corre- 
sponds to the wired left turn indicators of the vehicle 200. 
Thus, supplemental turn signal coverage is provided so 
that when, for example, other motorists are approaching 
from the rear of the vehicle, but are approximately even 
with the trailer 810, the wireless left turn signal indicators 
805 on the trailer provide additional stimulus to the ap- 
proaching motorist which may be very beneficial when the 
view of the vehicle's existing wired indicators are ob- 
structed by the trailer itself and the driver of the vehicle is 
initiating a left turn. Although the left side of the vehicle 
200 and the left side of the trailer 810 are shown, it 
should be understood that the right side of the vehicle 
and the trailer may be equipped in the same manner with 
wireless right turn signal indicators (not shown) that re- 



spond in the same manner to a receiver activation signal 
that is representative of a right turn signal. 

[0106] Beneficially, the wireless left turn signal indicators 805 

need not be fed with wires from within the vehicle 200 to 
receive either power or the vehicle activation signal. Thus, 
a vehicle that is not equipped with a signal driveline cou- 
pling assembly located near its hitch may have the wire- 
less left turn signal indicators 805 and wireless right turn 
signal indicators (not shown) added without having to 
feed wires from the body of the vehicle 200 to the trailer 
810, making installation simple and inexpensive. 

[0107] Referring next to FIG. 8B, connected with the left external 
face of the oversized trailer 825 are two wireless left turn 
signal indicators 805, and connected with the rear exter- 
nal face of the oversized trailer 825 are two wireless brake 
signal indicators 815. 

[0108] | n practice, the wireless left turn signal indicators 805 op- 
erate in the same manner in response to a receiver activa- 
tion signal corresponding to a left turn signal as do the 
wireless left turn signal indicators 805 discussed in refer- 
ence to FIG. 8A. The two wireless brake signal indicators 
815, however, are responsive to a vehicle activation signal 
that corresponds to a wired brake signal indicator of the 



tractor trailer 820. Thus, when a driver of the tractor- 
trailer 820 equipped with one or more transmitter(s), such 
as the transmitters 205, 210 of FIG. 2, applies the brakes, 
a receiver activation signal is transmitted by transmitters 
within the tractor trailer 820 and received by the wireless 
brake signal indicators 815 that supplement the existing 
wired brake lamps of the tractor trailer 820. In response, 
the wireless brake signal indicators 815 respond with a 
steady illuminated display for approximately the same pe- 
riod of time as the brakes are applied. 
[0109] Again, the wireless left turn signal indicators 805 and the 
wireless brake signal indicators 815 provide supplemental 
notification to other drivers and pedestrians of impending 
turning and immediate braking that might otherwise go 
unnoticed. 

It should be recognized that supplemental wireless hazard 
signal indicators and/or reverse gear signal indicators 
may be implemented in much the same manner as shown 
with the left turn signal indicators 805 and the brake sig- 
nal indicators 815. 

Referring next to FIG. 9, shown is another embodiment of 
the present invention in which solar panels that are physi- 
cally isolated from the remote vehicle signal indicators 



100 supply power to one or more remote vehicle signal 
indicators 100. Shown is an oversized trailer 905 of a 
tractor-trailer truck having a first solar panel 910, a sec- 
ond solar panel 915, a first left turn signal indicator 920, 
a second left turn signal indicator 925, and two hazard 
signal indicators 930 (referred to generally as remote ve- 
hicle signal indicators). 

[0112] The first solar panel 910, located on the exterior top of 

and near the front of the oversized trailer, is coupled, e.g., 
with wire, to the left turn signal indicator, located on a left 
exterior face of the oversized trailer 905, and a right turn 
signal indicator (not shown) located on a right exterior 
face of the oversized trailer 905. The second solar panel 
915, located on the exterior top of and near the rear of 
the oversized trailer is coupled, e.g., with wire, to the sec- 
ond left turn signal indicator 925, located on the left ex- 
terior face of the oversized trailer 905 and a second right 
turn signal indicator (not shown) located on the right ex- 
terior face of the oversized trailer 905. Additionally, the 
second solar panel 915 is electrically coupled to two haz- 
ard signal indicators 930 located on the rear exterior face 
of the oversized trailer 905. 

[0113] | n practice, the first solar panel 910 collects solar energy 



and supplies electrical energy to charge a battery supply 
of the first left turn signal indicator 920 and the first right 
turn signal indicator (not shown). The electrical energy is 
stored by each of the first turn signal indicators, as dis- 
cussed in reference to FIG. 7, by a storage device, e.g., a 
rechargeable battery. 

[° 114 ] Similarly, the second solar panel 915 collects solar energy 
and supplies electrical energy to the second left turn sig- 
nal indicator 925, the second right turn signal indicator 
(not shown), and the two hazard signal indicators 930 
where the electrical energy is stored in each of the signal 
indicators, as discussed in reference to FIG. 7, by a stor- 
age device, e.g., a rechargeable battery. 

[0115] Beneficially, the first solar panel 910 and the second solar 
panel 915 are more likely to have direct solar exposure 
than other embodiments; thus, providing a potentially 
greater source of power. In addition, collector sizes of the 
first and second solar panels 910, 915 do not have the 
same design constraints, e.g., a small or irregular shaped 
mounting surface, when located on a surface, e.g., the 
roof, of a vehicle as do solar panels which are integrated 
with a housing of a remote vehicle signal indicator 100. 
Therefore, the first and second solar panels 910, 915 may 



be larger than solar panels integrated with a housing of 
the remote vehicle signal indicators 100; thus, more en- 
ergy may be collected over a shorter period of time allow- 
ing for more rapid battery recharge times. 

[0116] while the invention herein disclosed has been described 
by means of specific embodiments and applications 
thereof, numerous modifications and variations could be 
made thereto by those skilled in the art without departing 
from the scope of the invention set forth in the claims. 

[0117] what is claimed is: 



